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1.
B ackground. Nuclear electricity accounts for more than one third of the total EU needs, and the life distribution o f the operating plants is such that in 2005 more than 70% o f the plants will have passed the 20-year lifetime and almost 30% the 30-year age limit. In total, more than 100 LWRs in the EU and Associated States are producing more than 100 GWe.
In view of the secure and safe supply o f electricity, aging of power plants is becoming of increasing concern in the EU as well as in the rest of the world. In fact, with increasing operational plant life approaching gradually the original design life, aging issues are arising. The list o f issues is very long and research and development effort is required in order to understand and tackle them properly.
Such issues include: RPV embrittlement, core shrouds, upper and lower head cracking, sticking control rods, cracking in the control rod drive mechanism and upper head penetrations, reactor coolant piping issues, steam generator degradation, electric cable aging, and concrete aging.
An integrated view of aging mechanisms and optimization of PLIM (Plant Life Management) activities is promoted together with the prevention, performance and risk-informed-based approach.
In order to perform the PLIM task, an integration effort in the JRC has been undertaken and a new PLIM Action, SAFELIFE, has been launched for the 6th Framework Program (FP6), which integrates the efforts done in the past and the competencies o f various European Networks. The effort is required in order to solve the problems summarized hereinafter. A complete list of NPP life management problems is not easy to draw, but anyhow a general agreement has been reached on several major items:
□ RPV embrittlement, effect o f such elements as Cu, P, Ni, Mn, etc. □ Cracking of reactor internals shroud, cracking of bolts □ Thermal fatigue in piping □ Integrity of dissimilar metal welds □ Steam generator degradation cracking □ Aging o f electric cables and concrete structures 2.
The JR C Institute fo r E nergy and the SA FE L IFE Action. The JRC-IE with the AMES, NESC, ENIQ, NET, and SENUF European Networks and the information and competence within the TACIS Unit are playing a key role in solving such problems as plant life management, various aspects of: irradiation embrittlement, material degradation assessment and monitoring, surveillance, structural integrity, fracture mechanics studies, qualification o f in-service inspection methodologies for crack detection, and recently, risk aspects. In addition, a new network, AMALIA, is in preparation in order to tackle the issues related to core internals and Irradiation Assisted Stress Corrosion Cracking (IASCC) phenomena. Some aspects of managing and mitigation of accidents, neutron beam methods for residual stress measurements, and other problems related to directives on pressure equipment are also dealt with.
For the 6th Framework Program, the JRC-IE has started the SAFELIFE Action. SAFELIFE is integrating various existing and designed JRC tasks and networks on the PLIM issues. PLIM is seen as a multi-disciplinary issue, which requires application of various involved disciplines ranging from crack detection, residual stress evolution, integrity assessment, degradation of material properties, IASCC, maintenance practices, etc.
The major objectives o f the SAFELIFE projects are planned to be as follows: □ Best practices: promotion, development, and dissemination: ♦ assessing neutron embrittlement (Ni, Mn, Cu, P, etc. □ AMES deals with the problems o f irradiation embrittlement, material degradation assessment and monitoring, surveillance, etc. [1] [2] [3] [4] . □ The NESC activity is dedicated to structural integrity, with a principal focus on fracture assessment [5] [6] [7] . □ ENIQ considers risk-informed approaches to plant life management and the qualification o f in-service inspection methodologies for defect detection and sizing [8] . □ NET deals with the application of neutron-based testing for residual stress analysis, detection o f defects, aging and irradiation damage, repair issues, etc. □ Relevant expertise on the subject is also available at the Institute for Energy at the Unit supporting the TACIS/PHARE programs (SENUF activity). □ AMALIA is the newest network dealing with internals issues and IASCC phenomena. The Networks have brought together all key partners in Europe in various fields o f aging, structural integrity, and inspection related to plant life management.
A large number of partnership projects in the area have been designed, promoted, and carried out in the last ten years. These European Networks have made a substantial contribution to the total effort in the field of nuclear plant life management through a large number of shared cost actions, thematic networks, concerted actions, and contribution-in-kind projects in the area.
For FP6, the JRC-IE has launched the SAFELIFE Action on PLIM [5] to integrate the efforts done in the past and the competencies of various European Networks (AMES, NESC, ENIQ, NET, AMALIA and SENUF) complemented by the information and competence developed within the TACIS programs. 
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;00 £ a -'so « In addition, the role of manganese in different WWER-1000 welds is targeted for additional irradiation embrittlement. Welds with the Mn content in excess o f ~ 0.9 wt.%, in combination with Ni, exhibit an increased sensitivity to embrittlement, see Fig. 3 . Recently, new data, both from destructive and non-destructive tests, have been obtained as well as important preliminary results. These are, for example, positron annihilation data on some selected irradiated alloys; high fluence irradiation data on model alloys, WWER-1000 reference steel data, analysis of samples irradiation under stress, etc. The analysis is ongoing and final results will be reported in the nearest future. These studies cover a wide range of issues related to radiation embrittlement, including the role of chemical composition (P, Cu, Ni, Mn) o f steels and welds, the effect o f irradiation dose and dose rate, irradiation temperature, annealing and re-embrittlement of pressure vessels of both western and Russian design. They are carried out within the framework of the SAFELIFE Action o f JRC of the 6th Framework Program.
Conclusions. In FP6, the JRC-IE has launched the SAFELIFE Action on PLIM, which integrates the efforts done in the past and the competencies of various European Networks (AMES, NESC, ENIQ, NET, AMALIA and SENUF) complemented by the information and competence developed within the TACIS programs.
With SAFELIFE, the JRC plays a key role in the investigation o f the problems of plant life management such as irradiation embrittlement, material degradation assessment and monitoring, surveillance, structural integrity, fracture mechanics studies, qualification o f in-service inspection methodologies for crack detection and risk aspects.
Important results have already been obtained and additional results will become available from the large number o f projects still carried out at present.
Резюме
У рамках програми PLIM досліджено радіаційне окрнхчування і механізми старіння конструкційних сталей та реакторів із метою оцінки, прогнозуван ня і моніторинга ресурсу відповідальних вузлів АЕС. Підсумовуються ре зультати проекту SAFELIFE, що об'єднує різні підходи щодо контролю ресурсом АЕС. Представлено результати радіаційного окрихчування мо дельних сплавів, проаналізовано дані випробувань із використанням зразків-свідків, а також досліджується надійність корпусних та інших типів сталей. Запропоновано перспективи розвитку руйнівних і неруйнівних методів раді аційного окрихчення матеріалів.
